We'll give elevation the symbol h. Note that the change in elevation, ∆h = h 2 -h 1 , depends only on the endpoints and not the path: whether we hike path 1 or path 2, we still and up at the same elevation. Furthermore, if we hike in a round trip from point 1 to point 2 and back to point 1, our overall elevation change is zero, regardless of the combination of paths we take. Because elevation h is path-independent, we call it a property.
What about the path length? It depends on whether we take path a or path b. We can't call it a property then, because it is not path-independent. It is a process, because it is a means to get from point 1 to point 2.
Notice that we can't refer to the total path length as ∆L = L 2 -L 1 . The operator ∆ refers to the change in something (like elevation), not an amount of something (like path length). And how do we define L 1 and L 2 , since they would depend on which path we take? Instead, let's define the amount of path length as L 12 .
How do we treat properties and processes mathematically?
First, let's refer to a differential change in elevation as dh. The integral of dh is merely the difference between the endpoints:
For path length, which is a process, we will refer to a differential amount as δL. The integral of δL is not equal to L 2 -L 1 :
Instead, the integral of δL is the total amount of path length, which we call L 12 :
There's more: What if we took a round trip from point 1 to 2 back to 1 (mathematically called a closed loop)? The integral of dh would be zero,
But what about the integral of δL? Even if we took the same paths up and down the mountain, we had to walk a certain distance, so the closed-loop integral is not zero:
The Bottom Line:
The operator d is used to describe a differential change in a property.
The operator δ is used to describe a differential amount of a process variable.
Processes and properties are different, and mathematically must be handled differently.
